configuration of 4, determined by comparing its optical rotation with published data, follows the absolute configuration at the center of chirality in the diene side chain ofmanumycin (1) to be (6'R). Based on the direct comparison of the CDspectra of the two chromic acid oxidation products 2 and 3 with those of the antibiotic G7063-2 (5) and (-)-terreic acid (6) the stereochemistry at C-5 and C-6 of 1 was determined as (5R, 6S). From the negative CD-couplet of manumycin (1) its stereochemistry at C-4 was assigned as (4R).
The constitution of manumycin1»2), an antibiotic produced by Streptomyces parvulus (Tu 64)3), was established by spectral data and chemical degradation0. The configuration of the double bonds in the diene and triene moieties has been established by TONMRexperiments to be all-trans2\ In addition, manumycin (1) exhibits four chirality centers, C-4, C-5 and C-6 in the cyclohexenone epoxide moiety, and C-6' in the diene side chain. In this paper we describe a detailed CD analysis of both manumycin and its oxidation products obtained by chromic acid oxidation. For the first time the absolute configurations of all centers of chirality of a manumycingroup antibiotic is reported.
Chromic Acid Oxidation of Manumycin Chromic acid oxidation played a key role in the structure elucidation of manumycin (l)1*^. The resulting benzoquinone epoxide 2 represents nearly half of the parent molecule. In order to get detailed information about the selectivity of the chromic acid attack, serial reactions were carried out at room temperature by stirring 1 in 75 %acetic acid and using different amounts of chromic trioxide.
The reaction's time course was observed by TLCanalysis on silica gel (detection at 254 nm). First, compound 2 (Rf 0.84), which had already been described10, appeared together with unchanged manumycin. This oxidation step could be completed by higher concentrations of the oxidation agent within 3 hours to yield 2 as the main product. Increasing amounts of chromic trioxide and elongation of the reaction time delivered a second oxidation product (Rf 0.66), liberated from 2. The experiments thereupon were optimized to isolate both compoundsin a preparative scale.
The new oxidation product contained similar structural elements as 2. TOand 13C NMRspectra implied the same 5,6-epoxy-l,4-benzoquinone partial structure but a change in the side chain, derived by oxidation of the C-4'/C-5' double bond of 2. Additionally, a new carbonyl group appeared, de- Scheme 1. tectable in the IR spectrum (1712 cm"1) as well as in the 13C NMRspectrum (8 198.7) . The XH NMR spectrum showed signals of two methyl groups (8 2.30 and 2.34) and one olefinic proton (8 6.86) being relicts of the former side chain. High resolution electron impact mass spectra (EI-MS) confirmed the molecular formula C12HnNO5 (M+ m/z 249). Thus, the structure of the new oxidation product was established as 2-(2-methyl-4-oxo-2-pentenoylamino)-5,6-epoxy-l ,4-benzoquinone (3). Simultaneously to 3, an optically active acid, detectable on TLCby a color reaction with sodium 2,4-dichlorophenylindophenolate, could be isolated by silica gel and Sephadex LH-20 column chromatography. The molecular formula (C7H14O2) was derived from the EI-MS (M+ m/z 130) and a fragmentation peak (m/z 74) indicated an a-methyl carboxylic acid. The 2H NMRexhibited a carboxylic-OH (8 ll.86), two C-methyl groups (8 0.92 t and 1.17 d), three methylene groups (8 1.38 br) and a methine proton (8 2.40 br). These data established the structure of the acid to be 2-methylhexanoic acid (4). 3 and 4 were formed by a selective oxidative degradation of the C-4'/C-5' double bond in 2. By this reaction, the chirality centers of 2 could be separated and recovered unchanged in 3 (C-5 and C-6) and 4 (C-6' ).
Absolute Configuration of Manumycin The chirality of 4 was established by comparison of optical rotation values. Authentic (-)-(#)-2-methylhexanoic acid exhibits an optical rotation value of H2D°-18°5), which was identical with the value of the acid isolated from manumycin. Thus C-6', both in 2 and in manumycin (1), has the (R)-configuration.
The chromic acid oxidation resulted in the two benzoquinone-epoxides 2 and 3, in which the chirality center at C-4 of the parent antibiotic was eliminated. The absolute configuration of 2 and 3, containing the oxirane ring, was determined by comparing their CDspectra with that of the antibiotic G7063-2 (5), whose absolute configuration has been previously determined6) by relating it to (-)-terreic acid (6) in the same way. The stereochemistry of this latter antibiotic had been proved by chemical correlation with its dihydro derivative (-)-terremutm (7)7), whose stereochemistry was deduced7) by application of the appropriate helicity rule8'9) for such conjugated oxidoenones. All these compounds show two Cotton effects for n-»7r* transitions between 300 and 400 nm. These have been associated with the two individual C=Ochromophores and the difference in band position was ascribed to internal hydrogen bonding on one end of the enedione7). Wehave, however, ample examples of CDspectra of conjugated enediones at hand, and in all cases two analogous Cotton effects (of opposite or same sign) are observed, thus werather assign these two mainly to the transitions from the symmetric and anti-symmetric combination of the energetically higher-lying n-orbitals of the two C=Ogroups into tt*4, although we do not neglect some additional influence of the hydrogen bond.
The CD data observed for 2 and 3 ( Fig. 1 and Table 1 ) are similar, showing that neither the presence of the additional center of chirality in 2 nor the difference in chain lengths has a pronounced influence on the CD. Since the two mentioned n-»7r* Cotton effects of 2 and 3 have opposite signs to those of 5 and 6, they must be heterochirally analogous to the latter two, i.e. they have the (5R/6S)-configuration. Since degradation of manumycin (1) into 2 and 3 does not affect the centers of chirality in the ring, the absolute configuration of this antibiotic at C-5 and C-6 has also been determined to be (5R/6S), too.
The absolute configuration at the fourth center of chirality at C-4 could be determined analogously to the way it was done for asukamycinio>li:> by application of the exciton theory12'150. Prerequisites for this method are 1) the separation of two chromophores by at least one or two <7-bonds, 2) strong individual transition moments, 3) not too large difference in transition energies, and 4) a chiral arrangement of these two transition moments. Whether the C6-skeleton of the cyclohexenone ring of 1 is assumed to be planar, as discussed for asukamycin10), or whether it is one of the conformations depicted in Fig. 2 as seems more probable to us, the sense of helicity of the combined exciton system is solely determined by the configuration at C-4. Differences in conformation will only influence the magnitude of the exciton interaction.
For 1, a medium-strong negative CD-couplet is found (Jsmax -13.76 at 320 nm, +10.23 at 286 nm, see Fig. 3 ), which is consistent only with the configuration shown in Fig. 2 proving thus the absolute configuration at C-4 of 1 to be (4R). This is in contrast to the configuration at C-4 of asukamycin, which is (4*S)10). The reason for the bathochromic shifts of the maxima of the CD-couplet in the spectrum of the latter compound are 1) the presence of the Z-configuration of two double bonds, and 2) the longer conjugation in the side chain connected to C-2 in asukamycin. This latter fact is also one of the reasons for the almost three times larger values of the CD-maximaof asukamycin.
Stereochemically manumycin (1) differs thus from asukamycin at least in its configuration of the double bonds at C-7 and C-9, and at the center of chirality C-4, which leads to significant differences in the spatial structure of manumycinby location of the triene-amide chain on the other side of the cyclohexanone epoxide ring, as comparedto asukamycin.
Experimental

General and Analytics
See literature citation2). 2-(2-Methyl-4-oxo-2-pentenoylamino)-5 , 6-epoxy-l?4-benzoquinone (3) A solution of 2 g manumycin in 60 ml 90%acetic acid was stirred for 20 hours at room temp with 5 g CrO3 (dissolved in 60 ml 60% acetic acid). The mixture was poured into 500ml 2 n H2SO4 and then extracted with ether. The dried organic layer was evaporated and chromatographed on a silica gel column (60 x2.5 cm, CHC13 -2-propanol, 98 :2). The pale yellow residue was purified by Sephadex LH-20 column chromatography (60 x 2.5 cm, CHC13 
